INTRODUCTION
============

Modern medicine has emphasized the importance of personalized access for health promotion. However, with this approach, each person has to spend his or her own time and money to access health-related resources such as pills, gyms, personal training, and healthier foods. The availability of time and money vary significantly according to socioeconomic status; this difference generates health inequities.[@B1]

The influence of neighborhood environments on health has recently attracted interest. Neighborhood environments are not personal property, but have the potential to change lifestyle and health status.[@B2] Many studies have focused on neighborhood and regional environments and their effects.[@B3] Green environments are defined as \"open, undeveloped land with natural vegetation\"; they occupy an important position among neighborhood environments and include parks, forests, playing fields, and river corridors.[@B4] Evidence suggests that contact with green environments is an independent promoter of physical activity and that green environments have many epidemiological and psychological effects.[@B5]-[@B8]

However, the ratio of greenery to developed land has decreased remarkably compared to previous eras due to the processes of modernization, industrialization, and urbanization.[@B9] In combination with the development of motor vehicles, these processes have reduced the physical activity of urban dwellers. These results have many negative consequences, such as an increase in obesity and cardiovascular disease among the population. It is well known that physical inactivity is an important determinant of ill-health and that even moderate levels of activity confer health benefits.[@B10]

Recently, some studies have shown that individual activity increases in areas with a high proportion of green space.[@B11],[@B12] In Korea, where there is increasing interest in well-being and ecosystems, urban park construction is actively underway.

Public parks are one of the most accessible green environments in the big city. Thus, in this study we aimed to examine the association between green environments and physical activity in 7 large Korean cities with a population of over 1 million each. This study will enable estimation of the influence of green environments for use as an index of healthy urban neighborhood environments in Korea.

METHODS
=======

1. Data
-------

We obtained data from the International Physical Activity Questionnaire (IPAQ) survey component of the 2005 Korean Health and Nutritional Survey. We also used green-space area data, which was obtained from the authorities of statistics and government of forests as independent variables. The target group comprised 4,148 people who lived in 7 large Korean cities and responded to the 2005 survey (94% of people responded to this survey). Forty-six people without family income were excluded. We calculated the metabolic equivalent of task scores (\[50 kcal/m^2^h\]-min/wk) and used them as a measure of physical activity. Subjects were divided into 3 activity groups according to IPAQ scores: low, moderate, and high.

2. Statistical Analysis
-----------------------

We analyzed basic characteristics with t-test and analysis of variance using the STATA ver. 10.0 (Stata Co., College Station, TX, USA) program. Multiple linear regression was used to analyze the correlation between physical activity and green park spaces. Results were adjusted for age, sex, and family income and were stratified into 3 groups to confirm the correlation between physical activity and green park space according to family income. An adjusted mean was used to analyze the correlation of physical activity in the 3 groups. In all statistical analysis, weighted values were applied.

RESULTS
=======

The area of park per person (PPP) and mean physical activity for each borough are presented in [Table 1](#T1){ref-type="table"}. There was no significant difference in PPP depending on sex or age group, but there was a significant difference in terms of family income: PPP increased when family income increased ([Table 2](#T2){ref-type="table"}). Furthermore, physical activity increased significantly when PPP increased ([Table 3](#T3){ref-type="table"}).

When PPP was divided into 3 groups, the adjusted mean increased with PPP ([Figure 1](#F1){ref-type="fig"}). PPP and physical activity were positively correlated in both sex groups ([Table 3](#T3){ref-type="table"}). Moreover, physical activity increased in proportion to an increase in PPP across all age groups. The gradient was steepest in the above-65 age group ([Table 3](#T3){ref-type="table"}).

When stratified by family income, physical activity increased when PPP increased in all groups. The gradient was steepest in the high family-income group, followed by the low income group, and smallest in the intermediate income group ([Table 3](#T3){ref-type="table"}).

When we divided physical activity into low, moderate and high activity groups, physical activity increased in accordance with PPP in the moderate and high activity groups, but there was no significant correlation in the low activity group. When PPP was divided into 3 groups, physical activity decreased in the lowest PPP group when PPP increased, but in the intermediate and high PPP group, there were significant increases in physical activity according to PPP. The gradient was steepest in the intermediate PPP group.

DISCUSSION
==========

In this study, physical activity dramatically increased in the high PPP group. This is because most boroughs had less than 5.0 m^2^ PPP, but the highest group had approximately 20 m^2^ PPP, which is much higher than the area for the intermediate group.

When stratified according to family income level, physical activity increased when PPP increased, regardless of the income level. The lowest income group had a steeper gradient than the intermediate income group, implying that the increase in PPP strongly influenced the increase in physical activity among people with insufficient income to access paid athletic facilities. One recent study found that those in low income groups experience fewer health disparities when they live in areas with large areas of green space.[@B13] Similarly, that study suggested that the provision of green park spaces may mitigate differences in health behavior due to economic inequalities.

There was a significant negative correlation between PPP and physical activity in the lowest PPP group. In the intermediate PPP group, the increase in PPP showed a positive linear correlation with an increase in physical activity, with a steep gradient and thus good explanatory power. In the highest PPP group, the increases in physical activity and PPP were significantly correlated, but the explanatory power was weaker than that for the intermediate group. Therefore, we concluded that a certain level of PPP should be ensured in order to maintain a significant positive correlation between PPP and physical activity. Notably, some studies suggest that exercising in green spaces has greater mental and physical effects than doing so anywhere else;[@B14],[@B15] one study showed that children who live near large areas of green space experienced a decrease in body mass index during the 2 years of follow-up.[@B16] Thus, green park spaces should be given preference in urban environment planning.

In Korea, not much research has been conducted to determine the link between neighboring environments and health. To our knowledge, our study is the first to explore the association between green environments and health. The key strengths of our method are that it used nation-level survey data and PPP statistics to accurately reflect the real state of community parks. One limitation of our study was that we could not ascertain the order of incidents because it was a cross-sectional study. In addition, we could not establish the distance from green park spaces to each person\'s residence, which could be an important factor. Although we adjusted for family income, we did not adjust for regional economic status, which may influence regional park conditions, and adjusting for regional economic status would have required multi-level analysis. Finally, adjustments should also be made for regional gyms, school playgrounds, and green spaces other than parks.

If one considers the personal level of medical condition, not only the personal cost, time spending and effort should be increased, but also environmental burden will grow due to the increase in medical practice that will affect the ecosystem adversely.[@B17] In many regards, there are some limitations when we address medical problems through the one-to-one doctor-patient relationship. Anyone who wants to change their lifestyle will be affected by the neighborhood environment, which doctors are unable to influence.[@B18],[@B19]

In this study, an increase in PPP had a strong positive correlation with an increase in physical activity. This shows a clear relationship between neighborhood environments and personal health. Therefore, individuals can increase their physical activity when they live in areas with abundant green spaces, and urban planning officials should maintain their citizens\' physical activity levels and health by providing sufficient park areas.

Looking beyond this study, there is more to be learned about the relationship between health and environmental factors. First, we can apply the same methods to rural areas. Second, we can find the distance that maximizes physical activity by analyzing the distance between residences and green park spaces. We also can study the relationship between green park spaces and other health-related indicators such as body mass index, blood pressure, blood sugar level, and mental health. Additionally, we can analyze differences in physical activity before and after moving to green neighborhoods. Finally, we can investigate the effect of the difference between physical activity performed in green spaces and that performed in other areas. We anticipate many subsequent studies relating to health and green spaces, with this paper as a starting point.
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###### 

Public park per person (PPP) and mean physical activity of each borough in seven large cities of Korea
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MET: metabolic equivalent of task.

^\*^Some boroughs had no respondent of International Physical Activity Questionnaire survey, so were excluded from above list.
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Public park per person (PPP) according to the baseline characteristics
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^\*^t-test. ^†^Analysis of variance. ^‡^The mean income of each group: high 470.54, intermediate 239.40, and low 94.84 (×10^4^ won/mo).
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The association between physical activity (total MET-min/wk) and public park per person (PPP)^\*^
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All results were adjusted by age, sex, family income except stratification variable itself.

MET: metabolic equivalent of task, CI: confidence interval.

^\*^Linear regression.
